for the PRISMA-IPD Development Group IMPORTANCE Systematic reviews and meta-analyses of individual participant data (IPD) aim to collect, check, and reanalyze individual-level data from all studies addressing a particular research question and are therefore considered a gold standard approach to evidence synthesis. They are likely to be used with increasing frequency as current initiatives to share clinical trial data gain momentum and may be particularly important in reviewing controversial therapeutic areas.
Methods
PRISMA-IPD was developed based on the methodological framework for guideline development published by the EQUATOR Network. 2 The standard PRISMA Statement 1 was used as a starting point, and initial work to adapt and build on this was led by a steering group aided by a small project group. The project group conducted a review of how systematic reviews and IPD meta-analyses are currently reported to update previous evaluations and guidance in this area. 3, 4 An initial draft adaptation of the standard PRISMA checklist was then prepared by the steering and project groups. This formed the basis of an electronic questionnaire distributed to 95 members of the Cochrane IPD Meta-analysis Methods Group, 88 members of the Society for Research Synthesis Methods, 4 members of both, and 4 additional individuals invited to help develop the extension. Recipients were asked to send the questionnaire to others who might be interested. Links to the survey were placed on the websites of the Cochrane IPD Meta-analysis Methods Group, the Centre for Reviews and Dissemination (CRD), and the Systematic Reviews journal, as well as on the Cochrane Facebook page. The CRD also advertised the survey using Twitter. The survey remained open for 14 days. The questionnaire sought feedback on the appropriateness of standard PRISMA Statement items to IPD and on suggested changes and additions. It included 4 items with suggested wording changes (1, 3, 6, 18) , 8 items with additional proposed elements (11, 14, 15, 16, 17, 19, 20, 25) , and 1 item with both (10) . Proposed wording changes were rated "appropriate" or "other change required," and suggested additional components were rated as "not required," "possible," "desirable," or "essential." Fourteen items had no suggested changes at that stage (2, 4, 5, 7, 8, 9, 12, 13, 21, 22, 23, 24, 26, 27) .
A 1-day international workshop was convened in York, United Kingdom, in March 2013. The 26 participants included systematic reviewers with experience in IPD synthesis (n = 21), clinicians (n = 6), methodologists (n = 20), and journal editors (n = 10). Survey feedback was presented, and each PRISMA item was discussed in detail and agreement on inclusion and wording reached by consensus. The checklist prepared during the workshop was then circulated for further comment to participants and to 3 people unable to attend. It continued to be refined iteratively by the steering group and subsequently the wider development group.
Results

Survey Response
Fifty-three responses to the questionnaire were received, a 28% response rate based on direct invitations (numbers of respondents not invited directly are unknown). Of 38 respondents who answered demographic questions, there were 28 systematic reviewers, 9 health care practitioners, 1 policy maker, 27 methodologists, 13 statisticians, and 3 publishers. Twenty-seven reported membership of the Cochrane Collaboration and 11 indicated that they were not members. Twelve reported no practical experience with IPD systematic reviews, whereas 5 had completed 1, 10 had completed between 2 and 5, and 11 had completed more than 5 such reviews.
Respondents supported suggested wording changes for 4 items (>80% scored as appropriate) and required further change for 1 item (31% scored as appropriate). Suggested additions concerning data checking, prespecification, statistical analysis, study variables sought, numbers of participants, IPD-based description of clinical characteristics, reasons for nonprovision of IPD, how studies with and without IPD were analyzed together, and the effect of unavailable trials and missing IPD were supported (>70%). Providing particular datachecking details and production of forest plots for all analyses were not supported (<70%). These results were used only as a starting point for deliberation at the workshop.
Workshop Response
At the workshop 25 checklist items were modified during discussion, much of which centered on striking a balance between being consistent with the standard PRISMA Statement and covering all aspects of reporting pertinent to IPD. Iterative modification and refinement of almost all items by the steering and wider development groups continued until September 2014.
Final PRISMA-IPD Checklist
The Table presents the final PRISMA-IPD checklist adapted and extended from the original PRISMA Statement, as agreed by consensus of those involved in its development. This includes provision for additional information required to describe adequately the IPD approach or where some rewording provides clarity, particularly in the context of IPD. PRISMA-IPD contains 23 items in which the wording has been modified and 3 new items on methods of checking data integrity (A1), on methods of exploring varia-tion (A2), and on reporting any important issues identified as a result of data checking (A3). The other additional item (A4) has been created as a consequence of rearranging items relating to interpretation of results.
To clarify differences, eTable 1 in the Supplement presents the PRISMA and PRISMA-IPD checklists side by side. eTable 2 in the Supplement provides examples from previously published work illustrating how reports may be suitably worded. The Figure presents a modified version of the PRISMA flow diagram, which may also be downloaded from the PRISMA (http://www.prisma -statement.org) and EQUATOR (http://www.equator-network .org) websites, as may the checklist. 
Study selection processes 9
State the process for determining which studies were eligible for inclusion.
Data collection processes 10
Describe how IPD were requested, collected, and managed, including any processes for querying and confirming data with investigators. If IPD were not sought from any eligible study, the reason for this should be stated (for each such study).
If applicable, describe how any studies for which IPD were not available were dealt with. This should include whether, how, and what aggregate data were sought or extracted from study reports and publications (such as extracting data independently in duplicate) and any processes for obtaining and confirming these data with investigators.
Data items 11
Describe how the information and variables to be collected were chosen. List and define all study-level and participant-level data that were sought, including baseline and follow-up information. If applicable, describe methods of standardizing or translating variables within the IPD data sets to ensure common scales or measurements across studies.
IPD integrity A1
Describe what aspects of IPD were subject to data checking (such as sequence generation, data consistency and completeness, baseline imbalance) and how this was done.
Risk of bias assessment in individual studies 12
Describe methods used to assess risk of bias in the individual studies and whether this was applied separately for each outcome. If applicable, describe how findings of IPD checking were used to inform the assessment. Report if and how risk of bias assessment was used in any data synthesis.
Specification of outcomes and effect measures 13
State all treatment comparisons of interest. State all outcomes addressed and define them in detail. State whether they were prespecified for the review and, if applicable, whether they were primary/main or secondary/additional outcomes. Give the principal measures of effect (such as risk ratio, hazard ratio, difference in means) used for each outcome. 
A2
If applicable, describe any methods used to explore variation in effects by study-or participant-level characteristics (such as estimation of interactions between effect and covariates). State all participant-level characteristics that were analyzed as potential effect modifiers and whether these were prespecified.
Risk of bias across studies 15
Specify any assessment of risk of bias relating to the accumulated body of evidence, including any pertaining to not obtaining IPD for particular studies, outcomes, or other variables.
Additional analyses 16
Describe methods of any additional analyses, including sensitivity analyses. State which of these were prespecified.
Results
Study selection and IPD obtained 17
Give numbers of studies screened, assessed for eligibility, and included in the systematic review with reasons for exclusions at each stage. Indicate the number of studies and participants for which IPD were sought and for which IPD were obtained. For those studies for which IPD were not available, give the numbers of studies and participants for which aggregate data were available. Report reasons for nonavailability of IPD. Include a flow diagram.
Study characteristics 18
For each study, present information on key study and participant characteristics (such as description of interventions, numbers of participants, demographic data, unavailability of outcomes, funding source, and if applicable duration of follow-up). Provide (main) citations for each study. Where applicable, also report similar study characteristics for any studies not providing IPD.
IPD integrity A3
Report any important issues identified in checking IPD or state that there were none.
Risk of bias within studies 19
Present data on risk of bias assessments. If applicable, describe whether data checking led to the up-weighting or down-weighting of these assessments. Consider how any potential bias affects the robustness of meta-analysis conclusions.
Results of individual studies 20
For each comparison and for each main outcome (benefit or harm), for each individual study report the number of eligible participants for which data were obtained and show simple summary data for each intervention group (including, where applicable, the number of events), effect estimates, and confidence intervals. These may be tabulated or included on a forest plot.
Results of syntheses 21 Present summary effects for each meta-analysis undertaken, including confidence intervals and measures of statistical heterogeneity. State whether the analysis was prespecified, report the numbers of studies and participants and, where applicable, report the number of events on which it is based.
When exploring variation in effects due to patient or study characteristics, present summary interaction estimates for each characteristic examined, including confidence intervals and measures of statistical heterogeneity. State whether the analysis was prespecified. State whether any interaction is consistent across trials.
Provide a description of the direction and size of effect in terms meaningful to those who would put findings into practice.
Risk of bias across studies 22
Present results of any assessment of risk of bias relating to the accumulated body of evidence, including any pertaining to the availability and representativeness of available studies, outcomes, or other variables.
Additional analyses 23
Give results of any additional analyses (eg, sensitivity analyses). If applicable, this should also include any analyses that incorporate aggregate data for studies that do not have IPD. If applicable, summarize the main meta-analysis results following the inclusion or exclusion of studies for which IPD were not available.
Discussion
Summary of evidence 24 Summarize the main findings, including the strength of evidence for each main outcome.
Strengths and limitations 25
Discuss any important strengths and limitations of the evidence, including the benefits of access to IPD and any limitations arising from IPD that were not available.
Conclusions 26
Provide a general interpretation of the findings in the context of other evidence.
Implications A4 Consider relevance to key groups (such as policy makers, service providers, and service users). Consider implications for future research.
Funding
Funding 27
Describe sources of funding and other support (such as supply of IPD) and the role in the systematic review of those providing such support.
Abbreviation: PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses. a Reproduced with permission of the PRISMA-IPD Group, which encourages sharing and reuse.
b A1-A3 denote new items that are additional to standard PRISMA items. A4 has been created as a result of rearranging content of the standard PRISMA Statement to suit the way that systematic reviews and meta-analyses of IPD are reported.
ses that use aggregate data extracted from publications. 4, 7 These include the potential to avoid bias arising from the absence of unpublished studies and unreported outcomes, 7, 8 checking and transforming data to common scores or measures and standardizing analyses across studies, 7 and the possibility of handling missing data within studies more appropriately. 9 Individual-level information enables more flexible and robust analyses than are possible with aggregate study results, including the ability to deal appropriately with time-to-event and longitudinal data. IPD meta-analyses also may enhance evidence synthesis more widely; for example, they may help quantify potentially causal associations from multiple observational studies 9 or develop risk prediction models.
10,11
With an established history in reviews of interventions in cancer 12 and cardiovascular disease, 13 the IPD approach is being used increasingly 4 and across a broadening range of health care areas.
However, it represents a minority of the systematic reviews undertaken, 3, 4 perhaps owing to the time and resources required to build collaborations of study investigators to share data and agree on analyses to be performed. If IPD becomes more readily available as a result of current initiatives aiming to make provision of clinical trial data for research purposes a legal, regulatory, or ethical requirement, 14, 15 it is likely that in the future more systematic reviews will access and analyze IPD. This will likely include synthesis of IPD released in controversial areas where transparent, complete, and high-quality reporting is essential.
As with all areas of research, systematic reviews and metaanalyses of IPD could be better reported, 16 making it easier for readers to understand, critique, and implement findings. Standard PRISMA guidelines are geared toward systematic reviews based on aggregate data and so lack reference to some important aspects of the IPD approach. The PRISMA-IPD extension was therefore developed to provide a framework for full and transparent reporting of methods used in the collection, checking, and meta-analysis of IPD.
Main Modifications to the PRISMA Checklist Structured Abstract
Based on the PRISMA extension for abstracts 17 tailored to the IPD approach, a structured abstract (item 2) should include important details of methods and results. Although journal format and word limits may make it difficult to include all the outlined information, as much relevant information as possible should be succinctly summarized. It may be useful to explain briefly the benefits that the IPD approach brings to the review, as well as the specific rationale for the research question being addressed (item 3). This may highlight inadequacies of any existing systematic reviews of aggregate data and may be particularly important in areas in which the approach is not yet well established and the target audience is not familiar with its strengths. Providing such information may also be helpful in persuading readers of the robustness and consequent value of findings, which may help encourage their uptake and use in practice, including within clinical guidelines. 18 For clarity, it is always helpful for reviews that update or build on previously published reviews to explicitly make the link with prior versions.
Protocols and Registration
Access to IPD both permits more flexible and powerful analysis and provides an opportunity for data manipulation. Thus, the production of, and adherence to, a protocol that includes a detailed analysis plan is perhaps even more important than for a standard systematic review. Deviation from the planned analyses may be necessary and may even improve on what was intended. However, transparency is important, for example in stating which reported analyses were preplannedandwhichwereprimaryandsecondaryoutcomes.Suchstatements can be supported by referral to the protocol. Because systematic review protocols are increasingly being registered (eg, in PROSPERO [http://www.crd.york.ac.uk/PROSPERO/]) and published formally, a recommendation to include a citation or link to registration records and formal published protocols has been added (item 5). It also may be helpful to include a copy of the protocol and data request forms as an appendix to the published report.
Eligibility Criteria
Inclusion criteria are generally developed as for a standard systematic review. However, the IPD approach provides an opportunity to use only a subset of the enrolled population within a study. For example, in a review of pediatric research interventions it may be possible to include the IPD from just the children enrolled in a study that recruited both adults and children. Where any such additional inclusion/exclusion criteria are applied at the participant level, they should be reported (item 6). As well as ensuring transparency, doing so helps readers avoid confusion if the number of included participants differs markedly from the number reported in the original study publication.
Identifying Studies and Obtaining Data
Direct contact and collaboration with study investigators, including enlisting their help in identifying eligible studies, is a key feature of systematic reviews and meta-analyses of IPD. Item 7 was therefore extended to include additional means of identifying studies. These can be particularly important for identifying data not published at the time of the systematic review. Item 17 has also been extended to include additional information on seeking IPD from the original studies.
Data Collection, Harmonization, and Checking
Data extraction does not usually apply to those studies for which IPD are obtained. The checklist therefore includes a new element under data collection processes (item 10) to capture how IPD were obtained and managed, and item 11 now includes reporting the methods of standardizing or redefining the IPD received. 19 New items on methods of exploring data integrity (item A1) and reporting data integrity (item A3) have also been added, reflecting the importance of data checking and correcting any inaccuracies or errors in the IPD supplied.
Risk of Bias Assessment
Risk of bias assessments for included studies (item 12) and presentation of findings (item 19) have been extended to consider direct investigation of the IPD. For example, there might be less concern about potential bias associated with envelope randomization if checking the IPD shows that treatment allocation to study groups is balanced over time, provides reassurance that envelopes have been used in the planned sequence with none discarded, and that there are no important imbalances in patient characteristics across allocation groups. Conversely, it may be necessary to highlight concerns revealed only by the IPD. For example, if checking IPD randomization sequence reveals an alternating pattern of allocation for a trial that reported apparently sound methods of randomization, this should be noted. Obtaining the full study protocol and direct contact with the participating study investigators also may provide additional information to inform assessment of risk of bias.
Handling Trials for Which IPD Were Unavailable
An important aspect of validity is the completeness and representativeness of the data collected. It is therefore important to provide information on the numbers of studies and participants for which IPD were sought and obtained (item 17), to report whether there is potential risk of bias associated with nonavailability of IPD (items 15 and 22) , and to compare results from analyses that include and exclude studies for which IPD were not available (item 23).
For the latter, 1-stage and 2-stage meta-analysis models (discussed below) can be used to combine aggregate data (from studies not providing IPD) with the available IPD, 20 and both sources of evidence can be distinctly displayed on forest and funnel plots. 16 This allows the effect of non-IPD studies on meta-analysis conclusions to be quantified and transparently displayed.
Synthesis Methods
IPD enables more flexible and potentially more powerful statistical analyses than are possible with aggregate data. However, it also creates potential for "data dredging," whereby reviewers explore numerous outcomes and subgroups to find those that yield interesting results. This made it important to add a recommendation to report all outcomes analyzed and whether these were prespecified (item 13) and to record all subgroup analyses conducted and whether these were prespecified (item A2). Methods of synthesis are not always reported fully or well. 3, 4 Item 14 has been extended to list aspects that should be addressed in analyses of clinical trial data. A variety of analytic models can be used including (1) those that first generate estimates of effectiveness (aggregate data) for each study separately and then combine these summary statistics using standard meta-analysis methods (commonly termed a 2-stage approach), and (2) those that estimate the overall meta-analytic effect from all data in all studies simultaneously (commonly termed a 1-stage approach). If a 1-stage modeling approach is used, it is important that the clustering of pa-tients within studies is taken into account and that the data set is not analyzed simplistically as a single "mega trial." 21 Care should be taken to ensure that the model selection process is described adequately and that full specifications are provided. Results should be presented with a nonstatistical audience in mind. For example, coefficients from a 1-stage logistic or Cox regression model relate to a log odds ratio or a log hazard ratio, respectively; converting and reporting these as odds ratios or hazard ratios makes them easier to understand. It may be helpful to present results as both relative and absolute differences (which depends on relative differences and on baseline risk) between, for example, interventions from randomized trials. A large relative benefit may be of little practical importance if the underlying risk and hence absolute improvement is small. Furthermore, because baseline event rates can differ substantially between different types of individual, the same relative effect may translate to different absolute improvements, even when the relative effect of intervention is the same. It therefore can be helpful to present information on relative and absolute differences according to a series of differing baseline risks. 22, 23 Forest plots enable readers to examine combined estimates, inconsistency across studies, and the precision of individual studies. In common with the standard PRISMA Statement the display of forest plots for key outcomes is advocated, irrespective of the type of approach to statistical analysis.
Exploration of Effectiveness in Different Participant Types
A major motivation for adopting the IPD approach is the ability to explore between-study heterogeneity and participant-level variation in treatment response. The latter is particularly important, as it allows analyses to explore whether there are any particular types (subgroups) of participants who benefit differentially from the intervention under investigation. 24 This is reflected through an additional element in stating objectives (item 4) relating to presentation of subgroup hypotheses, a new item (item A2) to describe methods, and an additional element relating to presenting results (item 21). When reporting such analyses it is vital to state whether there is any clear statistical evidence of a difference in outcome by participant characteristics. As well as being of clinical relevance, any such variation may explain heterogeneity in results between trials.
PRISMA-IPD Amendments Relevant to All Systematic Reviews
Some PRISMA-IPD additions are relevant to all systematic reviews. These include statement of any subgroup hypotheses (item 4); citation of published protocols (item 5); description of how the information to be collected (or extracted) was chosen (item 11); statement of all comparisons and outcomes addressed and whether these were primary outcomes (item 13); statement of whether analyses were prespecified (items 13, 16, and 21); reporting of the number of participants for which data were available (item 17); and description of interventions (item 18). The PRISMA group may wish to consider some of these for inclusion in future versions of the standard PRISMA Statement.
Implementation
PRISMA-IPD is intended to apply to IPD meta-analysis primarily within the context of systematic review of randomized trials. It has been developed largely from experience of undertaking reviews of studies of the effects of health care interventions, where the approach was established in the late 1980s. 25, 26 Most examples are drawn from this literature, and it is anticipated that the checklist will be used mainly in this context. However, much is also relevant to other areas in which IPD synthesis is gaining popularity, including systematic reviews of diagnostic, 27 prognostic, 10, 28, 29 observational, 30 ,31 causal, 32 or animal 33,34 studies. Although not designed specifically for prospective meta-analyses, in which study investigators decide in advance to formally combine individual-level data from each of their studies in a larger meta-analytic synthesis, 35 many checklist items will apply. Because systematic reviews and meta-analyses of IPD are often substantial projects, it may not always be possible to address all items in detail within journal article word limits. In this case, further information should be made available as supplementary material.
The PRISMA-IPD checklist should be largely self-explanatory and represents the minimum amount of information that should be reported to provide a full and transparent account of how the review was conducted. It will sometimes be necessary to include further information not covered by PRISMA-IPD items to deal with nonstandard issues that occurred during the review process and convey nuances of findings. Syntheses of study designs other than randomized trials may require further or different information. Authors and peer reviewers are encouraged to use the checklist to improve reporting and journal editors to include it in their endorsement of PRISMA.
Limitations
Development of the PRISMA-IPD Statement (as for the standard PRISMA Statement) was evidence-based where possible and was otherwise based on opinions gathered from persons with relevant expertise and experience. Response to the survey was limited (53 respondents [28% response rate]). This may reflect it being open for only a short time (necessitated by a fixed workshop date) as well as its specialist focus. However, as its stated purpose was to provide a starting point for discussion at the workshop, this is not considered a major limitation. The checklist has not been formally evaluated prior to proposed implementation. Whether use of PRISMA-IPD will improve reporting quality requires evaluation in future research.
Conclusions
PRISMA-IPD provides guidelines for reporting systematic reviews and meta-analyses of IPD. Future research is needed to determine whether this approach will lead to improved reporting of this type of research.
